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2.0 TechnologyandResourceStatus

2.1 Panel1: TechnologyandIndustry

2.1.1 PanelChair~

Sue Hock—NationalRenewableEnergyLaboratory(NREL), Golden,CO
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Wind Energy Development:
Technology Status and

Commercialization
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Susan M~Hock, Manager
Wind Energy Program

National Renewable Laboratory
Golden, Colorado
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Advanced Turbine DevelopmentProgram

Current Technology — 1989 Baseline
Commercial machines

• COE of 7-1 O~/kWh
Periodic fixes required

Matured Technology — 1995
,• Optimized machines using best of current technology and recent

results and analytical tools of the DOE Wind Energy Program
• COE of < 5~/kWh
• Machines still designed for exbellent wind sites

Advanced Technology — 2000
• New technology incorporating currently unexplored

innovative concepts
• Broader markets/lesser wind sites
• Improve COE to <4~/kWh

P9G.G09775l0
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:‘.~su~ Wind Program
k

Levelized Cost of Electricity Is Calculated
from Both Financial and Technical

Performance Parameters

Levelized COE Fixed Charge Rate x Initial Capital Cost
(Constant Dollars) Annual Energy

Annual O&M Expense
+ ______________________________________

Annual Energy

Levelized ‘Major Replacements/Overhauls
+ ________________________________________

Annual Energy

P05.00943000



ç~n Wind Program

EPRI Tag Ecohomic AssumptIons

Discount rate 6.2%

Fixed charge rate 10.3%

Lifetime 30 years

P85-00943006
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COE Estimatesfor HAWTS

1980 1985 1990
~I:iCOEat 5.8 mIs (at 10 m) Rayleigh sites

2005 2010 2015
4 COE at 7.2 m/s (at 10 m) Rayleigh sites

Source “Technology Evolution 101 Wind Energy Technology (drnlty. U.S. DOE, June 7, 1993
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Northern PowerSystems
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The Advanced Wind Turbine Concept
An artist’s renditionof proposedturbineenhancements

Aerodynamic controls (ailerons)

Flexible
lightweight
blades

Variable speed generator

Optimized drive train

Optimized tower design

Innovative hub
attachments

Sophisticated power electronics

S mart controls

Enhanced micrositing

Improved foundation
/~ materials

Advanced airfolils

New tower materials
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Special Purpose Thin and Thick Airfoil Family

Thin Airfoil Family for Medium Blades

~

Tip region airfoil (95% radius)
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Generator Power Output Improvements
(SERI Blade over Aerostar Blade)
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Wind Plant Output During PG&E Peak Load Days
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Environmental Issues

• Avian mortality

- CEC study between November 1984 and April 1988
showed 108 raptor deaths in Altamont and Tehachapi

- 67% due to collisions with wind turbines

- 33% due to electrocutions

- Bio Systems study in progress for Altamont and Solano areas

- numerous avian studies being conducted in Europe

P0000977514
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Environmental Issues (concluded)

• Noise

- requirements vary by county (i.e., 45 to 60 dBA)

- more serious as population density increases

•Visual

- requirements vary by county (i.e., views hed analysis)

P96-00977515
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WIND TECHNOLOGYDIVISION

Installed Wind Capacity in Europe

Reference source: Conference Reports by Windpower Monthly’s Lyn Harrison, editor and Sara Knight,
German correspondent
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Summary
Wind speed measurements at a proposed wind ‘farm site will greatly improve energy
capture estimates, and can be used to determine the capacity value of the energy.

There has been a significant improvement in wind turbine technical and economic
performance over the past ten years:

Energy capture: 600 kWh/rn2 to 700 kWh/rn2

Capacity factor: 17% to 23%
- Cost of energy: $.1O - $.12/kWhto $.05 - $.07/kWh

Emerging design alternatives show the potentia’ for continuing cost and performance
improvements. New design options are under continuing development by the wind
industry in the U.S. and Europe and should provide ‘wind energy at $.05/kWh by about
1995.

Design and development of the next generation of wind ‘turbines for the year 2000 is -

only now beginning. These new designs are expected to have a cost of energy of
about $,04/kWh,

Pl3I-G~154202



— — ~ — — — — — — ~



AppendixD - Session2: TechnologyandResourceStatus
HawaiiWindpowerWorkshop/ FINAL Report—July29, 1994

2.1.2 PanelMembers:

Bob Gates—ZondSystems
Edan Harel—TRM AdvancedWind Technologies
Robert Lynette—R. Lynette and Associates
Jeff Maurer—The New World Power Company
Eric Miler—Kenetech Windpower

PanelResponses:

Bob Gates — ZondSystems

The perceptionthat thewind industry requiresgovernmentsubsidiesis
incorrect.Onehalf of thewind industryhasbeendevelopedsince tax credits
expiredin theearly 1980s.

The goalthat the industrysetfor a 54; /kWh by 1995 hasbeenachieved.
Proposalsandbid solicitationsarecurrentlyciting 5~/kWh for projectsthat will be
comingon-linein the nextyearor so.

ThecashCost per kwh for projectsof independentpowerproducersis higher
thanfor utility ownershipmodelsbecauseof inequity in the allocationof risks to
the independentswho sell theirpowerto theutility. Utilities pay for theelectricity
deliveredleaving all of therisk costs(legal infrastructure,technologyrisks,
workmencompensation,etc.)to be borneby the independentpowerproducers.
Thus, someof that risk Costmust be borne into thecost capital from an equity
standpoint.

Theincreasedcostsperkwh for theindependentdeveloperwho bears all of
therisk costsis balancedby thefact that while costinglessperkWh in capital
costs,in theutility ownershipmodel, all of the risksareborneby the ratepayer.

The federalgovernment’srole in pushingwind turbinetechnologyforward
hasbeenmeaningful,accordingto Mr. Gates,especiallyin thecaseof advanced
airfoil designs. He agreedthat theindustry is headedtoward newer, largerturbine
modelsof 500 kW or more. By increasingthe sizeof theturbines,developersare
ableto lower their costs.Theturbinesaremoreefficient, thus fewer turbinesare
needed.

He emphasizedtIie importanceof maintaininga properperspectiveon the
avianissue. If onehundredbird deathsoccurasa resultof wind turbines,we
mustevaluatethemin the contextof theimpacton the populationof the birds
overallor considerthe alternativeimpact.What if we burncoal instead?What then
is theimpacton birds aswell asotherliving thingson earth?

I
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I
EdanHare! — TRM AdvancedWindTechnologies

Mr. Harel introducedhimself asan internationalrepresentativeof the wind
industry. In Israel,where heowns andoperatesa 6 MW wind farm installedwith
600 kW wind turbines,Mr. Harel sellselectricityfor lessthan 54:1 kWh. He I
emphasizedthat this wasachievablewithout theneedof governmentsubsidy.

“I can tell you that the future is here and now,” he said namingsomeof the
criteria usedin the manufacturingcommunitywheninformationis exchanged.
Manufacturersstrive to maintainstandardsset by theindustryascloselyas
possible.Currently,thereis a commonunderstandingthat bi~is good(i.e., I
500 kW, 600 kW, 700 kW). Manufacturersaredevelopingwind turbineswith
simplerdesignsand smartsolutionsto old problemssuchas the idea of moving to
an operationalregimeof less loadsandconstant controlof loads.Material
engineeringis much improved,however,powerquality is still a problem.

Utilities anddevelopersmust keepin mind that the final productis not a I
machineor the servicesof theutility but a cooperativepartnership,hesaid.

I
JeffMaurer- New World Power

Mr. Maurerbeganby stating that thepriceof oil will go up in the not too I
distant future. For that reasonin Hawaii, with its abundanceof wind resources,it
is imperativeto act now with wind power.

He observedthat thereasonCalifornia developedwind powersoeffectively
wasbecauseof thegovernmentsubsidiesand thepurchasepowercontracts.‘We
had a lot of successesand a lot of failures,but we learneda lot.” I

Threebillion kilowatts of wind power areproducedin California annually
representingthreequartersof thetotal world productionof electricityfrom wind I
power,enoughto powerthe city of SanFrancisco,he said.

Problems with wind power include the lackof firm capacitypowerwhich can
be successfullycounteractedwith hybrid systems.Micrositing1 is anothersolution,
he noted.“If yourwind resourcepeaksat night andyourpowerdemandpeaks
during the day, micrositingturbineswill allow you to matchthe peakwith I
maximumgenerationof power.”

I
I

1Editor’snote: For example,siting the turbine in a wind regimethatmatchesthe utility load

better.

2 i
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Mr. Maurerbelievedthe workshopto bea necessarysteptowardimplementing
wind powerby enablingthe participantsto learnfrom eachotherin orderto go
forwardwith a plan to implementwind power in Hawaii.

“Wind is a solutionfor thelong termenergyneedsin Hawaii,H he said in
closing.

RobertLynette— R. LynetteandAssociates

Mr. Lynettebeganby pointing out thestrongresurgencein the interestin wind
energygoingon in thepastfewyears.

“The dynamicsof what’sgoingon this time in the early 1990sis not basedon
thetax incentivesandthe governmentsubsidiesof the early1980s,”he noted.This
time thereis strongpublic support,stronggovernmentsupport,andstrong
supportfrom theElectric PowerResearchInstitute(EPRI).

Predictinga low costof 3½~/kWhfor wind powerwithin thenext few years,
Mr. Lynettestatedthat theprice decreasewill be due to threenotablefactors:

the formingof newallianceswith largeplayersin big industry,

technologyinnovationswill lower costs 15%- 20%, and

increasedgrowthwill allow theindustry to producedecentquantities.

Given the current1½%- 2% U.s. growthratein electricitydemand,if wind
captures1O%of that growth(1O% of 2%), that will result in a $5 billion a year
industry.This is the majorattractionfor big industry.

With the involvementof big players,the wind industrywill be ableto do away
with oneof the principlefearsutilities have,that of increasedrisks. Allianceswith
big industry will addsolidity to thewind industry.

“I think within thenextyearor two you will seea very different look to the

industry,” he saidin closing.

Eric Miller Kenetech Windpower

Thewind industry hasmovedout of California and into theglobal market.
Wind energyis now fully competitivewith fossil fuels. In the bidding processin
California, renewableseitherwon or camevery closingto winning over fossil fuels
in headto headcompetition,Mr. Miller said.

3
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I
As anexampleof how technologyhashelpedto bring costsdown, Mr. Miller

pointedout that variablespeeddrive technologyhasmadea big differencein load I
control.

For Hawaii, oneof the keyelementswhich oughtto beconsideredin moving
wind energyforward is how poweradditionsareacquired.That is, how do wind
andfossil fuelscompetepolitically andeconomically.Whenit comesto comparmg
resources,Mr. Miller deduced,it will comedownto a questionof values. Since I
wind is not dependenton fuel cost fluctuationsand thus insulatedfrom those
risks, thevalueof wind powerto price stability is lessof a risk, he said.

‘There is no questionthat thelowestCost, long term resourcein Hawaii is
wind,’~Mr. Miller said in closing. ‘The questionis what is theframeworkto makeit
possibleto capturethosebenefitsherein Hawaii.” I

IQuestion:

What aresomeofthe installationcostsofwindpower? I
Answer~

Bob Gates— ZondSystems

Installationcostsvary depending as muchon the projectsizeasanythingelse
including risk factorsbut a generaloverall estimateis about$1,000perkW.

SueHock— NREL

While you canhavea lessexpensiveinstallationandhigherO&M costs,you

maynot do aswell with a moreexpensiveinstallationthat operatesmore
efficiently. Forthis reason,a bettermeasureof installationcostsmaybe thecostof
energyratherthantheCostperkW.

JeffMaurer - New World Power 1
InstallationCosts shouldnot beconsideredas muchasfinancing costs.The

amountof cashflow you will haveafteryou havefinancedthe projectif you can
get low financing for your project,will makea greatdifference.

Edan Hare! — TRMAdvancedWindTechnologies 1
A good criteria for keepinginstallationcostsdownis to considertheamount

of kwhs that canbe producedannuallyper turbine.By upgradinghis 36 m 1
diameterblades to 45 m diameterbladeson his turbineswhile still maintaining

I
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them as600 kW turbines,Mr. Harel wasableto producemany morekwh peryear
anddrive the costperkWh down to capturemoreenergyfor the same Cost.

Question:

Aredevelopersand utilitiesable to negotiatea contractwithhigherupfront costs?

Answec

Bob Gates— ZondSystems

Mr. Gatesusedthe United Kingdomto illustratehow powercontractsare
negotiatedwith highercapitalcostspaidout during the earlyyearsof the project
to reducedebtand the resultingdebtload quickly. Thesetypesof contracts,
muchlike comparinga 15 year mortgageloanto a 30 yearone, resultin a much
lower total price paid out over the life of the projectwhile maintaininglower
O&M costs,a recognitionof betteroverall economicefficiency.

JeffMaurer— NewWorld Power

Dorneslically,New World Poweris respondingto manyutility RFPson a price
perkWh basis,and the biddingprocessis very competitive.

EricMiller — KenetechWindpower

A cost-effectivecontractfor wind is one that is well matchedto the higher
capitalcostsover the long term.Oneof the greatadvantagesof thewind
technology is that ability to lock in ata fixed price over thelong term,a key
elementcommonamongall successfulwind developmentprojects.

Bob Gates —Zond Systems

The primarybenefit of wind powerto the utility or thepowerratepayer, is
its hedgeagainstfuture fuel costsandtaxes.While fossil fuel costsaregoingup,
wind priceswill be going down.

5
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I
Question:

In Hawaii whereprojectsare built on a muchsmallerscalethan on themainland,what I
kindofhelp in termsofgovernmentassistanceshouldbeexpected?

Answec I
Bob Gates— ZondSystems I

In clarifying a statementmadeearlierin which he saidgovernmentsupport
wasno longerneeded,Mr. Gatesemphasizedthathewasspeakingin termsof tax
creditsand thegovernmentsubsidiesof theearly 1980’s.The governmentstill
playsa significantrole in the renewableenergyindustry,particularlywind, he
said. I

Onekey role that governmentplaysis by providinga stableregulatory
environment.By ensuringa highly secureandreliableregulatoryenvironmentin
which independentutility operatorscanoperate,the risk premiumchargedby the
financial communityis lower, he said.

Oneareathat Mr. Gatesfelt maybe appropriatefor governmentto look into, I
which is missingin today’sregulatoryenvironment,is an investmentrequirement
to incentivizeutilities to dealwith the independentdevelopers.

EdanHare! — TRMAdvancedWindTechnologies

It is time for the wind industry to forgetaboutthe directgovernmentsubsidies I
of thepastwhich were not economicallyeffective,Mr. Hare! said.Today’sstateof
the art technologyallows for thedirectpricing of projectsto beeconomical.

JeffMaurer - New World Power

Governmentcanhelp by providing a level playing field for wind developers I
to play on, Mr. Maurerstated.Currently,a utility is only requiredto buy power
and thusavoid its risk costs.

Sue Hock -~ NREL

Ms. Hocksaid that shehasbeeninvolved in discussionswith severalutilities
that arereluctantto investin wind powergiven its high risk environment.By
reducingtheup-~frontCost of technologyto get the marketrolling, governmentcan
play a significantrole in supportingwind development,shesaid. 1

I
I
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